Introduction
The mandate for this chapter is to review the anatomy and histology of the pancreas. The pancreas (meaning all flesh) lies in the upper abdomen behind the stomach. The pancreas is part of the gastrointestinal system that makes and secretes digestive enzymes into the intestine, and also an endocrine organ that makes and secretes hormones into the blood to control energy metabolism and storage throughout the body.
It is worthwhile to mention a few definitions for key terms as used in the context of the pancreas:
Exocrine pancreas, the portion of the pancreas that makes and secretes digestive enzymes into the duodenum. This includes acinar and duct cells with associated connective tissue, vessels, and nerves. The exocrine components comprise more than 95% of the pancreatic mass.
Endocrine pancreas, the portions of the pancreas (the islets) that make and secrete insulin, glucagon, somatostatin and pancreatic polypeptide into the blood. Islets comprise 1-2% of pancreatic mass.
Since we are dealing with a three dimensional solid structure, the aphorism that "a picture is worth a thousand words" seems to pertain (1) . Accordingly, this chapter will largely consist of images with extended legends. The images range from classic work of skilled medical artists to original drawings and photomicrographs from leaders in the study of pancreatic anatomy and structure. Text is interspersed as appropriate. Additional useful images are available online at other websites. We provide a list of some of these sites at the end with the references.
Gross Anatomy
Figs. 1-13 depict the gross anatomy of the pancreas and its relationship to surrounding organs in adults. It is customary to refer to various portions of the pancreas as head, body, and tail. The head lies near the duodenum and the tail extends to the hilum of the spleen.
When the terms anterior, posterior, front and back are used, they pertain to relationships in the human, standing erect. Superior and inferior are used in the same context so that they mean toward the head and toward the feet, respectively. These usages obviously do not pertain in quadraped animals where dorsal, ventral, cephalad, and caudad are more useful terms.
Use of the terms left and right can be problematic. For example, the spleen is located in the upper portion of the abdomen on the left side of the body. When the abdomen is pictured from the front, this places the spleen on the viewer's right hand side. We will adopt the convention that right and left (unqualified) will be used in the first sense in the legends for gross anatomy (indicating the subject's right and left side). The two photos illustrate that there is considerable individual variation in the shape of the pancreas. Figure 1A . This pancreas has a conspicuous uncinate lobe that curves down and to the left (arrow). This is an unusual configuration since the uncinate process usually fuses more completely with the dorsal pancreas adding mass to the head of the pancreas as seen in Figs. 1B and 2. Normal pancreas dissected to reveal the duct system. The pancreas is viewed from the front and a portion of the parenchyma has been dissected away to reveal (1) the main (principal) pancreatic duct (Wirsung's duct) with multiple branches, (2) the accessory duct (Santorini's duct), and (3) the distal common bile duct. Although the regions are not labeled we see the head of the pancreas at image left, and tail of the pancreas, image right. This drawing depicts a configuration that is intermediate to those shown in Fig. 1 in regard to the degree of fusion of the uncinate process with the dorsal pancreas. Drawing by Emily Weber for Pancreapedia.
When we are designating location within an image, we will use "image right" and "image left" to denote relationships within the image.
Artwork in Figs. 3, 7-8, and 11-13 is by Jennifer Parsons Brumbaugh. These drawings were originally published in the most recent AFIP Fascicle on pancreatic neoplasms and are used with permission of the publisher (6) . Chapter 1 of the Fascicle is recommended as a source for additional detail regarding pancreatic anatomy and histology, and for discussion of the genetic control of pancreatic development.
The tail of the pancreas and spleen are in the left upper quadrant of the abdomen and the head of the pancreas is in the right upper quadrant just to the right of the midline. If you place your right hand over your upper abdomen with fingers extending to the left over the lower portion of your rib cage and the tip of your thumb extended up over the lower portion of the sternum, then your pancreas lies behind your hand in the back (retroperitoneal) portion of the abdomen. This may be visualized by reference to the small image in the upper image right corner in Fig. 4 . The pancreas is about the size of the half of your hand that includes the index and third fingers excluding the thumb. The pancreas weighs about 100 grams and is 14-20 cm long (6) . • The head of the pancreas lies in the loop of the duodenum as it exits the stomach.
• The tail of the pancreas lies near the hilum of the spleen.
• The body of the pancreas lies posterior to the distal portion of the stomach between the tail and the neck and is unlabeled in this drawing.
• The portion of the pancreas that lies anterior to the aorta is somewhat thinner than the adjacent portions of the head and body of the pancreas. This region is sometimes designated as the neck of the pancreas and marks the junction of the head and body.
• The close proximity of the neck of the pancreas to major blood vessels posteriorly including the superior mesenteric artery, superior mesenteric-portal vein, inferior vena cava, and aorta limits the option for a wide surgical margin when pancreatectomy (surgical removal of the pancreas) is done.
• The common bile duct passes through the head of the pancreas to join the main duct of the pancreas near the duodenum as shown in Fig. 2 . The portion nearest the liver lies in a groove on the dorsal aspect of the head (see Fig. 7B ).
• The minor papilla where the accessory pancreatic duct drains into the duodenum and the major papilla (ampulla of Vater) where the main pancreatic duct enters the duodenum are depicted, image left. Image by Jennifer Parsons Brumbaugh used with permission of the publisher (6). There is no anatomic landmark for the division between the body and tail of the pancreas although the left border of the aorta is sometimes used to mark the junction (2, 6). Hellman defined the tail as the one fourth of the pancreas from the tip of the tail to the head, whereas Wittingen defined the junction between the body and tail as the point where the gland sharply narrowed (4, 16) . It would be difficult to define this point in the pancreases shown in Fig. 1 .
Embryology and Development
The pancreatobiliary anlagen appear at gestation week 5 in the human; fusion of the dorsal and ventral anlagen occurs during week 7 (10). Full development of acinar tissue extends into the postnatal period. In mice, pancreatic development begins at embryonic day 8.5 (e8.5) and is largely complete by day e14.5
. Figure 11A . The figure reflects the embryonic development of the pancreas and biliary system in the human. The pancreas develops from two outgrowths of the foregut distal to the stomach. The ventral diverticulum gives rise to the common bile duct, gallbladder, liver and the ventral pancreatic anlage that becomes a portion of the head of the pancreas with its duct system including the uncinate portion of the pancreas. The dorsal pancreatic anlage gives rise to a portion of the head, the body, and tail of the pancreas including a major duct that is continuous through the three regions. Eponymic names identify the anatomist, embryologist or physician who is credited with first describing a structure. You may conclude that Wirsung, Santorini, and Vater were such scientists. To the left of this granule there is a "cup" in the cell surface that apparently marks the site of excretion of a zymogen granule after fusion of the membrane of zymogen granule with the luminal cell membrane. The secretory process has been described in detail (15) . Micrograph by George Palade, contributed by James Jamieson.
Duct System
The components of the duct system are the main pancreatic duct (duct of Wirsung), interlobular ducts that drain into the main duct throughout the pancreas as depicted in Fig. 2 , and intralobular ducts (sometimes called intercalated ductules) that link acinar tubules to the interlobular ducts. The intralobular ducts and ductules are ordinarily seen only at the level of light and electron microscopy. Enzymes from acinar cells are released into a bicarbonate-rich solution that is secreted by the centroacinar and ductal cells and flows from the acini and acinar tubules to the intralobular ducts, then into the interlobular ducts and main duct, and finally into the duodenum at the major or minor papillae. This duct system is illustrated in Figs. 
25-28.
The integrity of the duct system is of key importance in preventing entry of the exocrine enzymes into the interstitial space where they may be activated and cause tissue damage manifest as pancreatitis. The main and interlobular ducts have thick dense collagenous walls. The connective tissue component of the duct wall becomes progressively thinner as the ducts branch and become narrower. Intercellular tight junctions, also called zonula occludens, between duct cells, centroacinar cells and acinar cells play a major role in preventing leakage of the duct system. These have not been well illustrated although they can be seen in Fig. 21 and 22 as dark, thickened zones in the adjacent cell membranes near the acinar or duct lumen. The chapter by Kern in The Pancreas provides excellent images and discussion of these tight junctions (8) . 
Endocrine Pancreas
Most islets (islets of Langerhans) that collectively comprise the endocrine pancreas are too small to be seen by gross examination, and thus they were not depicted in Figures 1-13 . Islets vary greatly in size; ~70% are in the size range of 50-250 μm in diameter in humans with an average in the range of 100-150 μm (4) . Smaller islets are dispersed throughout the acinar lobules and most larger islets lie along the main and interlobular ducts of the pancreas. Most islets are spherical or ellipsoid, but they can be irregular in shape--sometimes reflecting the pressure of an adjacent structure, often a duct, or limitation by a tissue plane. Several reports provide support for the presence of a higher population density of islets in the tail of the pancreas than in the head and body although others find no difference (5, 13, 16, 17) .
In adult humans the number of islets is calculated to be 500,000-1 million whereas there are far fewer in smaller animals (9, 11) . Islets comprise 1-2% of the pancreas in adults of most mammalian species. In addition to the islets, isolated islet cells may be found dispersed in the acinar lobules or in association with ducts.
Photomicrographs of islets follow. Several of these have been immunostained using antibodies to specific islet peptide hormones to demonstrate various islet cell types including β-cells (insulin), α-cells (glucagon), and δ-cells (somatostatin). The other major islet cell type secretes pancreatic polypeptide (PP) and PP-cells are commonly regarded as the fourth most prevalent endocrine cell type in the islets. Most PP-cells are in the portion of the pancreas derived from the ventral pancreatic anlage, i.e. the uncinate process that is reported to comprise about 10% of the pancreas (12, 14) . In the portion of the pancreas derived from the dorsal pancreatic anlage, the majority of islet cells are β-cells (75-80%), followed by α-cells (about 15%), δ-cells (about 5%) and very few PPcells. In the uncinate process there are few α-cells and many more PP-cells. Stefan et al. present data from study of non-diabetic human pancreases showing that the PP-cells comprise 54-94% of the volume of islets in the uncinate region, displacing most α-cells and some β-cells (14) . These investigators provide data indicating that PP-cells are the second most prevalent endocrine cell type overall in the pancreas among their 13 nondiabetic subjects. 
Online Resources
The following websites provide additional images of the pancreas. Some of the drawings are labeled in detail whereas others will challenge you to identify unlabeled structures. We recommend that you visit several of these after you review the text and images provided above. Due to the size of the files, it may take a minute or longer for some sites to open. 
